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f o r  measuring flow r a t e  i n  h igh-head t u r b i n e s  and pumps. Phase V ,  t h e  
l a s t  o f  a s e r i e s  of  f i e l d  measurements, was performed a t  F l a t i r o n  and 
P o l e  H i l l  Powerp lan t s  i n  Colorado. S t u d i e s  of  4 - p o i n t  i n j e c t i o n  and 
sampl ing  o v e r  a mixing l e n g t h  o f  36 .5  p i p e  d i a m e t e r s  o f  7 - f t  p i p e  
(2.13 m) showed t h a t  r a d i a t i o n  sampling and c o u n t i n g  t echn iques  were 
s a t i s f a c t o r y .  The mix'ng l eng th  appeared t o  be s h o r t  f o r  s a t i s f a c t o r y  
mixing and a c c u r a t e  d i s c h a r g e  measurement. A demons t ra t ion  of  t h e  t e c h -  
n i q u e s  a t  P o l e  H i l l  Powerplant  produced s n t i s f a c t o r y  measurements f o r  a 
mixing l e n g t h  o f  255 d i a m e t e r s  of  8 - f t  (2.44 m) pipe .  Discharge  o f  400 
c f s  (11.2 cms) computed by t h e  d i l u t i o n ,  i n t e g r a t e d  sample ,  and t o t a l  
coun t  methods v a r i e d  up t o  abou t  2%, i n d i c a t i n x  t h a t  f u r t h e r  r e f inement  
o f  s a n p l i n g  and c o u n t i n g  t e c h n i q u e s  411 n o t  reduce s i g n i f i c a n t l y  t h e  
i n a c c u r a c y  below t h e  e s t i m a t e d  probable  2 Sigma e r r o r  o f  1.5%. 
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The Atomic Energy Commission (AEC) and the Bureau 
of Reclamation (USBR) are cooperating in a research 
program for measuring discharge throu* high-head 
turbines and pumps using radioisotopes. The purpose 
of the program is to make discharge measurements 
accurately, quickly, & i d  with a minimum of personnel 
and equipment. It was hoped that the program would 
develop the method to a precision that would allow 
discharge measurements to be made accurate within 
plus or minus 314 of 1 percent. 

The program was divided into five phases and the 
results of the fifth are published in th~s  report. The 
results of Phases I and I 1  were reported to  the AEC by 
the Bureau in AEC Report No. TID-23737, "Discharge 
Mexurements Using Radioisotopes in High-Head 
Turbines and Pumps," September 1966. Phase Ill 
results were furnished in AEC Report No. TlD.25177, 
"Discharge Mexurements Using Radioisotopes in 
High-Head Turbines and Pumps at Flatiron Power and 

' Pumping Plant." December 1968. Results from Phase 
IV of the study were furni%hed by t h e  Bureau and 
published by the AEC in TID-25185. "Discharge 
Measurements Using the' Radioisotope Velocity, 
lnteyated Sample, Dilution, and Total Count Methods 
at Flatiron Power and Pumping Plant." July 1969. 

In general, duriing the first four phases with steady ilow 
in the penstock, the radioisotope method indicated 
discharges that varied over a larger range than desired. 
Exact causes for the variations could not be readily 
found but wae anr~buted to anomolies in the 
techniques o f  sampling and/or counting the 
tracer-water mixture. Improvements were made in t h e  
counting and samplir~g techniques. Measurements in 
Phase V were performed to disclose whether the 
measurement accuracy and repeatability had been 
improved. 

Results of the Phase IV study showed mixing ltngths 
of 100 diameters or more produced measurements that 
indicated the accuracy goal could be achieved. 
Included in t h e  Phase IV series were measurements 
having a multiple injection and sampling system for a 
pipe length of 36.5 diameters of 7-foot (2.13.meterl 
pipe, Table 1. Discharges computed from 
measurements at 110th the 36.5 and 105.5 diameters 
showed about the =me deviation from the comparative 
measuring device. Because of the relatively close 
agreement, additional study was warranted for t h e  
36.5diameter length. These studies were made to . 

determine the order of accuracy of measurement for 

multiple injections and multiple samples. In addition, 
discharge measurements using radioisatopes rvere made 
for the maximum obtainable mixing ler,gth in the 
penstock of Flatiron Powerplant. 

The measurement techniques were !atf.r applied in a 
demonstration at the Pole Hill Powerplant. 

STUDIES AT FLATIRON 
POWERPLANT 

Measurement Facilities 

Detailed descriptions of the powerplant have been 
furnished in previous reports (TID 25177 and 25185). 
Therefore. Figures 1 and 2 included here show only the 
physical conditions of the tes t  site and locations of 
injcction and sampling equipment. 

Radioisotope injections were made with a system 
pressured by nitrogen gas, Figure 3. A 3.7-liter cylinder 
(a) was used as a radioisotope container. Mixing of the 
tracer and water in the cylinder was done by (1) 
closing valve (b) between the- pressure gage and 
cylinder and (2) slowly pumping air (cl through the 
gage glass (d) to the bottom of the cylinder and 
allowing the air to escape out of the opened valve (e) at 
the top. The radiotraccr was injected into the penstock 
through an outlet tube (f) and hui-way manifold by 
applying the gas pressure through tube (g). Four, 
114.inch (0.64-m) diameter, stainless steel tubes (h) 
restricted by 1164-inch (0.4-mm) orifices 'were used to 
pass the radiotracer from the injectior system to the 
water in the penstock. The 1M-inch (0.64cm) tubes 
projected into the flow 8 inches (20.3 cm), about 0.2 
of the pipe radius. 

The injection rate for the radioisotope was controlled 
by t h e  regulated nitrogen pressure and monitored on 
the gage glass by using binoculars. Injections from the 
cylinder containing about 3 liters of solutlon were 
made at a rate of about 8 milliliters per second. The 
penstock pressure at the injection location was about 
35 psi (2.4 kglsq cm) and the total injection pressure 
was 100 psi (7.0 kglsq cm). The total change in 
cylinder pressure from beginning to end of the 
injection was about 0.65 psi (0.05 kglsq cm) orabout 
0.7 percent of the total injection pressure. The 
injection flow rate changed less than 0.45 percent for 
the 0.65 psi pressure change. 

Sampies of the tracer-water mlxture were taken from 
the penstock at 36.5 diameters and at the entrance to  



I Table 1 

DISCHARGES MEASURED BY DILUTION METHOD 
(INTEGRATED SAMPLE COUNTED IN FLASK1 - - -, 

(19E8) 

we-  Sampling location 
n t  Flow- 

I number meter 36.5D 105.5D 

a, 
Dis- Dwi- Dis- 

OR 
n-i. 

charge ation charae - ation 
cfr cfs percent cfr percent 

(0.04R from wall, 4 tubes) (0.54RJ 

Dis- Dwi- 
charge ation 

c fs percent 
1O.OJRI 

301 286 +5 302 
2 

0.3 
302 . 286 

249 
+5.3 307 -1.7 298 

(At plane of wall) .;. 

.:283 ..+3.3 
:, 301 - 0.7 

*. JVL -. 
29 1 

294 t2.6 295 

(0.2R from wall) 

c "*" , --- . -.. 

Diameter at 36.5D = 7.0 1 
Diameter at 105 6n = F; 6 

Percent deviatic 

-23 
.:.. . 

' 304 M.7 302 +1.3 
, , 

feet R = 3:5 feet '. 1 
-.a feet R = 3.25 feet 

,n = Qrc - ~6 
0, 

x 100 1 
! 



Fiqurc 1 . Flatirori Powerp!mt penstocks--Radioisotope injection 
erluimncnt i n  foreground, rampling and counting equipnicnt ncar rnobilc 
nuclear laboratory :n background. F1liota P245.D-65583 



Figure 3. Inicction system-la! cyl~ndcr; (b) valvc; (c 
air !>OSL' from tire pump; (dl  ilagc glass. ((I) filling an 

: I  
d 

vcnr valve; ( f )  outlet tubc to four-way man~fold; jgl 
nitfogell prctsum line; and ( t i )  stuffing box arctl 
iniection tubc. Photo P245-D-65584 

t h  turbine a t  919 diameters, Figure 2. At  36.5 
diameters four 24nch ( 5 1  -cm] diarlrcter access pipes in 
the wall of the penstock were connected to a common 
nunifold for a sample tank rncasurernent. Each of 
these conn~ctions d s n  containd tubing for extracting 
discrete samples irom each of the four penstock 
outlets, Figurcj 4 attd 5. Individual wmplc tubes werc 
connecterf to a multiple container sampler. Fig~rre 6. A 
large u m n k  vo!l;mi: of 2 to 3 galions (9 to 14 liters) 
m s  coltceted in 120 to 250 seconds by using this 
d*iJice, After thorough mixing in the plastic containers 
the simples werc trasnferred to glass flasks, Figure 7. 
Thew 2.0.liter flasks of tracer-water and background 
samples ware taken to the rnobilc nuctear laboratory 
for counting, Figures 8 and 9. 

Figure 4. Penstock sarnpluig conncctiun-(a) lube far 
discrete sample and (tl hoso tct manifold. Photo 
P245-D.65580 

Thc total count sample tank was connected i o  tire 
manifold by a 50-foot.lang 3/4.inch (1.9-cml diameter 
how, Figurc 8. A discharge of about 15 gallons per 
nliriutc (0.7 liters per second) flowed through the tank. 
A traccrtd sample was taken from the 314.ineh 
(1.9 cm] diameter hose at thr! entrance to the tank 
through a 50-foot.long piwe of 3IB.inch (9.5-mml 
diarnoter plastic tube. This sample was collected in a 
plzslic container coincident with the discrete samples, 
Fi!luw 6. After thorough mixing, n part of thc sample 
was placed in a flask for counting. 

The samples in the glass flasks were counti!d in a 
shielded chamber, Figure 9. A 2- by 3-inch (5- by 
7.6-cm) Nal(TI) ;cintillation crystal optically bonded 
rs a photomultiplier war centered at the bottom of the 
flask and shield. Thus the samples were counted in the 
mobile laboratory at the measurement site. 



Figure 5. Sampling manifold of 3/4.lneli pipe and hose-(a) hose to 
sample tank. Phota P24>-0-65586 

Figure 6. Multiple sampler a t  36.5 pipediameter-(a) discrete samplesand 
(b) container for blended sample from entrance to total count sample 
tank. Photo 245-D-65592 



Figure 7. Flasks containing samples-(a) from 36.5 pipe diameters and (b) 
from powerplant. Photo P245.D-65582 
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Figure 8. Mobile nuclear laboratory and sarnpte tank. Photo P245-D.65581 
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Ono sarnplt. was taken at the entrance lo the turbine 
for cach ol the radio:raccr rnjections. This sample was 
taken from four IM-inch (0.64-cml holcs through the 
pipe wall at  45' on the circumforcncu, Outsidu the 
pipe a 3/44nch i 1.9-cml pipeline manifold connected 
to R f/4-inch (0.64-cml plastic tube was used to collect 
the sarn~lc in a large plasfic container. Alter thorough 
mixing the samplc was transferred to a battle and then 
a flask for counting. 

Radioisotope Discharge Computation 

Discharges wcrc computed from thc basic dilution 
qualiori: 

in the form 

q ' injection rat( 
C1 = comcetratio~ 

(pcltnl) 
f = decay carre:\ 
F = calibration fa 

shield 

Rg = T O S S  Count ri 
Rh = background c 
Rk = nCt Count rills 

corrected fa 

'The decay corrccfiun factor isa  variable with time, thnrcforc its value is not constant 

7 



AH radiation counting was perfarmed using lhe 
equipment in the mobile laboratory, Figurt! 9. 

Spiral Case Flowmetnr 

An elbowtype ffameter (named a spiral case 
flowmeter) was instaHed on the turbine during 
consti'uction. This flowmeter was used as an 
independent measure of discharge and indicator of the 
steadiness of flow in the s+stem. The discharge 
indicated by the! flowmeter was compared to the 
discharges measured by the radioismope mahod to 
determine the repeatability of (he radioisotope 
measurements. 

A calibration of the flowrneter was performed in 1954 
by t h e  salt velocity method. Before conducting the 
radioisotope measurement the pressure orifices in the 
spiral mso were inspected and cleaned to provide the 
smooth Row surface of the calibration. 

The flowmeter was d~igned to produce a differential 
of about 7 inches (17.8 cm) of mercury for a turbine 
discharge of 500 cis (14.2 cu mlsec), A mercury 
U-tube manometer and differential pressure transducer 
were connected across tha pressure orifices, Figure 10. 
To minimize flucZuations in the differential pressure, 
1116-inch (1.6-mm) inside diameter by 944nch 
(239tm) long damping coils were placed in the  piping 
ahead of the transducer and manometer. An amplifier, 
digitel counter, and tape printer were used to record 
the differwtial in inches of mercury. Integration of 
differentia! was made for 10-second intervals and then 
printed an tape. Segments of thcsc Qpc readings 
corresponding to the time of constant rate of tracer 
injection were uwd to determine the rate of flow in the 
pipe. Average manometer differentials were taken from 
the tape to  determine the discharge from the 
flowmeter calibration curve. 

figure 10. Spiral case f!ometer inrtnrrnents-(a) mercury manometer; (bl pressure transducer; (cj damping 
coils; and {dl amplifier, digital counter, and printer. Photo 245-D-65595 



Discharges computed by the radioisotope dilution computing the discharges of ~ a b i e  2. Included in  
mehod from discrete sampler taken at 36.5 diameters Tables 3 and 4 are the statistical errors nf r n v m t i ~  i h ~  

~ ~ ~.~ 
did not show sat'kfactow mixing of the tracer and samples taken from the penstock. 
flowing water. Table 2 (Columns A, B, C, and Dl. 

! 
Table 2 

DISCHARGES MEASURED BY DILUTION METHOD 
(1969) 

Measurement Spiral case 
number Sample flowmeter 

A 8 C D E F' G 
(cubic feet per second) 

-- - --- 
D-16 304 256 318 32 1 296 28 1 313 301 

h b i c  feet per second x 0.0283168 = cgbic meters per second) 

'F = A  + B + C + D in equal volumes 
*** Excesive sampling time Counted in f l r jk 

DOWNSTREAM 
36.5 PlPE DIAMETERS 

DIAMETERS OF 7-, 6.5- 

7.0 FOOT AND 6-FOOT 
P l P E  P l P E  

c 7 -  ' U L  "L 
' ~ '  TURBINE I N L E T  

I 
t 
E 



Samples taken from the pipe at A, upper r i@t 
quadrant, showed larger variations than at the other 
sampling points. Table 2 and Figure 11. Samples from 
B, lower right, resulted in  consistently lower discharges 
than the other taps. With the exception of 
Measurements D-9'  and D-10 discharge 
measurements based on taps C and D agreed favorably, 
Figure 11. 

The  large values of  discharge computed for 
Measurements 9 and 10 at position D were believed to 
be caused by a partial plugging of the small injection 
orifice. The orifices were cleaned the following day. 
Results hereafter did not show as large a variation 
from the arithmetic mean. 

The smallest deviation between the computed 
discharge and that indicated by the spiral case 
flowmeter was Sample E. With Sample E the isotope 
could have undergone mixing in 50 feet (15.2 rn) of 
hose and about 50 feet of plastic tubing. When 
compared with the spiral case flowmeter in the 
equation: 

%deviation = 
Qsc - OR 

Qsc Eq 2 

The deviation ranged from a c0.7 percent to a i5.6 
percent. 

The radioiwrtope method showed discharges less than 
h e  flowmeter. This could imply that with injection 
near the wall the tracer had not diffused completely 
across the sampling section. Thse  results indicate once 
again either inadequate mixing or possibly inadequate 
sampling techniques. Large volume samples and careful 
preparation of the counting flasks tended to minimize 
errors due to sampling. 

Blending of equal parts of h e  four discrete samples (FI 
- into a composite did not provide satisfacton/ results 

with respect to the program goal. The variations in  the 
computed discharges were slightly higher than for the 
samples mixed by flow in the hose and plastic tubing. 
The deviation ranged from c7.6 percent to a -0.7 
percent, Sample F, Table 2. 



Thi! last sample from each injection was extracted at 
me'' entrance to the turbine. No suitable monitor was 
aveilable for determining the tracer plateau from the 
small flow rate of h e  sample. Therefore, data from 
measurements made in previous studies were used t o  
compute the tracer travel time from injection to 
sampling. In the first four measurements. Sample G. 
the computations showed a discharge larger than 
expected. A shortening of the plateau of constant rate 
injection was caused by a longitudinal diffusion ot the 
tracer. 

Tne riocr) allowed for sampling exceeded h e  plateau 
time and resulted in  a dilution of the tracered sample. 
The diluted sample indicated a larger than actual 
discharge. To  compensate, the samplmg time was 
decreasd in  measurements 13 t o  16 by delaying the 
start of the sample and encling The sample earlier. 
Instead of a 3-minute samplmg period, a l-minute 
sample was obtained at the same flow rate of 1.5 
gallons per minute (gpm) (0.09 liter per second). A 
1.5-gallon (5.7-liter) sample was sufficient to prepare a 
flask for counting. 

Agreement among discharges (0-13 to 16) mmputed 
from Sample G, Table 2 was very good to within 1 
percent. This agreement was expected because of the 
long mixing length and the improved counting 
techniques. The variation was slightly wider among the 
d~scharges co rnp~qd  from Sample G and those from 
the ilowmeter, up to 4 percent, Measurement 16. 

the gate structure, Figures 12 and 16. Themanifold was 
constructed from 3/4-inch (1.9-cm) electrical conduit 
Forty, 1116inch (1.6-mm) holes were drilled i n  the face 
on one side of the ring, Figure 16. This number of holes 
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Conclusions from Flatiron Measurements 

The variation in the discharge computed for the 
maximum mixing length in the pipeline indicated for 
D-13 to 16 h a t  sampling and counting techniques are 
developed t o  a satisfactory degree of precision. A 
monitoring system or longer injection periods would be 
necessary to assure that a sample was obtained during 
the plateau time. 

Discharge measurements made with ~ i x l n g  lengths in  
the order of 30 to 40 diameters of pipe indicated 
inadequate mixing. Both the 4-point injection and 
&point sampling uf the tracer occurred in the same 
angular locations in the pipeline. No opportunity was 

available to rotate eiher the injection or sampling with 
respect (e.g. €30') t o  each other. Such rotation may 
have indicated larger discharges because of possible 
deficiencies of tracer in these quadrants of tile pipe. A 
greater number of samples taken from the pipe cross 
section or a greater number of injection points could 
possibly improve the accuracy of the discharge 
measurement. To meet the program objectives of 
simplicity, minimum interference, and the constraint 
of performing the measurements with existing 
conditions in the pipeline, the study was limited to 
4.point injection and sampling near the wall of the 
pipe. This number of locations was not sufficient t o  
attain a plus or minus 3/4 of 1 percent inaccuraq of 
measurement. Additions t n  the injection or sampling 
equipment for short pipe lengths reduces the feasibility 
of making measurements quickly and with a minimum 
of interference with powerplant operations. An  
additional nurraber of injection and sampling holes 
placed in new structrues could improve the possibility .. 

of accurate measurements. 

DEhlONSTRATION AT ROLE HILL 
POWERPLANT 

Measurement Facilities 

A single turbine and generator were installed in the 
Pale Hi l l  Powerplant as part o f  the Colorado.Big 
Thompson Project. The Plant develops 47,500 
horsepower for a discharge of 550 cfs (15.7 cu m/sec) 
at 815 feet (249 m) of head. Waxer i s  supplied from a 
gated inlet structure through an 8-foot (2.44-m) 
diameter, 2.W4foot (623-m) long penstock. Figures 
12 and 13. 

Equipment for dilution and measuring the radlolsotope 
quantities for the discharge measurements was installed 
at the Pole Hi l l  Powerplant site. A budding located 
about 500 feet from the plant served as a field 
laboratory, Figure 14. The radiomtope shipment was 
received in  Denver and transported in the mobile 
nuclear laborator] to the field site. All dilutions, 
calibrations, and radiation counting of the samples was 
performed in or near the powerplant. Prepared 
quantities of isotope to be injected for discharge 
measurements were transported from the powerplant 
to the penstock gate structure in  a shielded 
compartment of a station wagon. Figure 15. 

Radioisotope injections were made through a "ring" 
manifold upstream from the entranceto the penstock in 



Figure 12. Pole Hill Powerplant and penstock section-Injection and sampling locations. 

Figure 13. Pole Hill Powerplant and part of 8-foot-diaveter penstock. Photo P245-D.67541 
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Radioisotope equipment lomtcd in building near Pole 
tiill Powerplant. Phota P245.D-67542 

Figure 14. Radioisotope dilution apparatus in office 
and field laboratory. 



Field laboratory building-Rilrl~otrtlocr quanrily being 
placed i r r  ~hiuldctl compi~rtmcnt of .I stallon waqon tor 
~ ransfer  l o  pcnstuck gate structure. Photo 
P24513.67543 

Shiuiilccl cornparrlnenl in station wagon and plastic 
bottle tor rildioimtopc. Photo P215-D-65588 

Figure 15. Redioisotopc transfer to injmtion location. 
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Figure 16. Laboratory opcrntiori of injcctian mimifold and installation in 
p~nstock mtustructurc. Left Pholo PX-D-67545. right Photo PX-D-67544 

would dischnrgc water at thc ratr? ol li g p n  (0.38 liters 
pcrsccond) a t  15 lcctol h c ~ d  (4.6 rnc~crs). 

The! manifold was inscrlcd intu till! flow wirli thc aid of 
a winch and ;~iifoil.shopcd rod designc!d for a propctlcr 
currcnr m e w  systcrri, Figure 1G. Tho winch was 
inslallcd oucr o hntchwsv and rlio nrnnifotd ottochcd to 
Ihe rod was Ioweretl into the flow. A rubber tiasr. 
conncclcd the mimifold to il water pump, Figuro 17. 

Water was purnpcd from near the gatc  chamber water 
surtace down to the manifold locatcd an the penstock 
cntrancc ccntcrlinc 13.3 lcct 14 m) below. Figurr! 12. 
Radiorrilccr was added to thc purnpcd flov~ near the 
purn~j outlet, Figuru 17. Thc mixture was cari'irul down 
the hosc through thc rnarlilolcl and into th? penstock. 
Thc xrilccr was swcpt ulrcctly from the manifold into 
the pcnrtock without circulating in thc gate chamber. 



A graduatctl burel lor  thr! radiotraccr was L~lacrul above 
and cnnncctcr! to the pump inrekc. Tlir! burct was 
c,unplirul w ~ t l i  ;I smell air inlcr a t  lhi? bottorn. Air was 

from tho diaphranl OUITIII info thc watcr ptrrnll flow, 
Figt~rc 17. 

Figurc 18. Sampling syslcnr-(a1 sampling from . 8 .  . * .  
" ' ;ample rank: and fc) discrelu sam~lu 

A f ram sample tank by distimcc! and 
I: Photo PXD-67547, middle Plrato 
T r n  Photo PX.D.67549 

c cxlri~ctcd near thc cntrancr! ro thc? 
r tank, Figurc 18. Thn ttiruv wrnplcs 
asing, thc piateau, arid tht: dccrensinq 
entrariori of traccrq~enstock watcr 
I I. 



r radiation background was obtained 
lharge rneasurcmants. 

A radiation counting system using the sample tank was 
operated from the mobile nuclear laboratory parked 
inside thc powerplant, Figure 19. A shielded flask 
counting system rvos instaitcd one floor bclow whom 
amplc shielding could be maintained between counting 
systems and samples, Figure 20. Thc radiation count 
from the sarnplc tank and discrctc! samples providcd 
data for computing the discharge by the total count, 
integrated sample. and dilutinn methods of 

Figurr. 19. Mobi le nuclew laboratory insidr: 
puwcrplant (stair' to tor! of generator on left). Phom 
PX-D.67550 

Results of Discharge Measurement 

No definite superiority was indicstd by any ol  the 
three tadiaisotopc methods used to measure ?ha 
discharge. The discharge!: for Measurements PH-1, 
PH-3, and PH-4 zhowcd fairly consistent results, 
Table 5. In PH-1 tho dilution nrcthoci gave a dischargr! 
value abaut 2 percent lower than the tatal.tount and 
intqratcd sarnplc. 

In Measurcrncnt PH-2, the total counr agreed well 
with thv prcvior~.; measurement, the  dil~.l~ion war, too 
high indicating an error in sampling andlrrr counting, 

Figurc 20. Shicldcd flask counting system on!: flour 
below mobile laboratory. Photo PX-D-6755; 

fable 5 

RADIOISOTOPE DISCHARGE MEASUREMENTS 
POLE HILL POWERPLANT DEMONSTRATION 

?arc August Measurem~nt Dilurion Integrated Spiral case 
1969 number Total count method sample flowmeter 

'Cubic 
"Cubic 



and the sample for the integrated sample was lost 
because a pan of the sample was mistakenly discarded. 

A difference of about 1 percent occurred for the 
discharges computed by the three methods in PH-3. 
The difference increased to about 1.3 percent in  the 
measurements of PH-4. 

The discharge computed by the total.count mehod 
were consistent, vatying by about 0.5 percent The 
deviation was the same as indicated by rhe spiral case 
flowmeter. 

The spiral case flowmeter of the turbine had been rated 
during 1969. Two current-meter gaging stations had 
been established in open channels upstream from the 
powerplant. Measurements for these stations agreed to 
within about 1 percent. The flowmeter discharge in 
Table 5 was obtained from a spiral case flc.vmeter built 
b y  project personnel. The tlowmeter related the 

minor improvements still may be necessary i n  
procedurer. Deviations between the radioisotope 
methods may be reduced by f u r t h~ r  refinement of 
sampling and coun t ing  techniques. These 
measurements indicate that with 255 pipe diameters 
of mixing length, multiple injection points, and a 
stable counting system, discharge measurements can 
be mads with radioisotopes to an accuracy within 
an estimated probable 20 error of 1.5 pwcent. 

The time required to make measurements is large as 
compared with that for the salt velocity and 
pressure momentum methods.' The time required 
for installation of injection and sampling equipment 
i s  less than salt velocity. Automation of both 
methods might lessen the time factor in favor of 
the radioisotope. 

APPLICATION 
diffwent~al of a 20-inch slopingtube mercuty 
manometer to the current meter ratings. An analog The methods and procedures developed in the 
recorder continually charted the indicated discharge in  program for discharge measurement may be used for 
~ b i c  feet per second during each of the radioisotope closed and in some cases open conduits wherever 
measurements. radioisotopes are applicable. Procedures written in a 

pub l i ca t ion  under the title "Recommended 
A difference of about 1.5 percent based on an Procedures and Equipment for Radioisotope 
approximate average of 392 d s  (1 1.1 cu mlsec) for the Discharge Measurement in High-Head Hydraulic 
radioisotope method and 398 cfs (11.3 cu mlsec) for Machines," TID-25499, resulting from the*  studies 
the flowmeter wasobserved between the two methods. hou ld  be carefully fol lowxl t o  obtain the 
This difference appears to he within the error expected maximum accuracy and precision. The method is  
for about 95 pwcent confidence in either the considered to be a technique of measurement for 
radioisotope or flowmeter measurement systems. intermittent use and not one for continuous 

discharge measurement. 
Conclusions from Pole Hil l  Measumnenu 

The demonstration of the radioisotope method at 
Pole Hil l  Powerplant was satisfactory but indicated 

' TID-25177, "Discharge Measurements Using Radioiatopes in  High Head Turbines and Pumps at Flatiron 
Power and Pumping Plant." December 1968. Appendix I. 
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D ILUTI 0N FL04 MEASUREMENTS 
FLATIQBN P.P. -- PESTBCK 12 

A 
N 

R UN SAMPLE DATE FLOW 
CF /S 

TBTAL STAT1 STICAL 
C B U N T i N G  ERRDQ 

0.41 PCT 
0.36 PCT 
0.39 PCT 
0.77 PCT 
0.46 PCT 
0.47 PCT 

0-10 A 
0-10 B 
0-10 C 
0-10 D 
0-10 E 
D-  10 F 

9-11 A 
0-11 B 
0 - l  l C 
D - I  1 D 
0 - l  1 E 
C-l s F 

08/06/69 284.83 0.4 PCT 
08/06/69 204.7 0.44 PCT 
08/06/69 279.48 0-39 PCT 
08/06/69 896.12 0.79 PCT 
08/06/69 300.19 0.46 PCT 
08/06/69 302.19 0.46 PCT 

08/07/69 348.06 0.4 PCT 
08/07/69 273-42 0.44 PCT 
08/07 /69 254.43 0.36 PCT 
08/07 169 298.35 0.39 PCT 
08/07/69 302.23 0.45 PCT 
08/07/69 302.92 0.39 PCT 

0-  12 A 08/07/69 292.54 0-36 PCT 
- 0-12 I3 08/07/69 271.57 0.42 PCT 

0-12 C OR/@7/69 306.46 0.36 PCT 
0-12 D 08/07/69 326.56 0.39 PCT 
0-12 E 08/07/69 298.3 0.44 PCT 
0-12 C 08/07 169 300.05 0.38 PCT 



Table 38 

D ILUTI  BN FLB.4 MEASUREMENTS 
FLATIRON P-P- -- P E N S T ~ C K ' A ~  

SR-52 ACTIsjITY REFEREO TQ: 08/04/69 10:00 

INJECT1 0 V  DATA: 

X UN DATE CBNC- I N J -  R A E  PEMAQKS 
UC /ML ML /S 

0-9  05/04/69 59-275 7 -015 P = 65 PSI D 
D- iO 03/04/69 59.272 6-597 
0-11 05/04/69 95.436 7.977 
0-12 06/54/69 95.436 8.852 

SENSITIJITY AND DEADTIME: 
D '3- 1 P = 307.29 l/S/UC/CF +- 0.342 PCT T = 3.05 USEC 
o *'a F = 305.07 ~ / S / U C / C F  +- 0.256 PCT T = 1 .92 USEC 

CBUNTING DATA: 

DATZ ST4QT CBU"4TEY 
TIME 

08/06/69 15:13 DB-R 
04/06/69 15:47 DB-7 
08/06/69 15:40 Dm-8 
09/06/69 15: 15 DD-7 
08/06/69 16:14 D e 7 ,  
ns/o6/69 1 7 : ~  00-7 

08/07/69 l4:26 DO-8 
08/07/69 15:28 09-7 
08/07/69 13:34 D0-8 
08/07/69 15:20 DR-8 
08/07/69 14:42 Dff-7 
08/07/69 1 6 : l l  DB-R 

5RBSS TIME 5GNO 
< SEC) 

239438 1320 23274 
256602 1020.1 23274 
246365 1260 23274 
137447 1499.9 23944 
250439 1320 23944 
243237 1370 2 6 ~ 0 3  

230911 1200 2327 4 
252858 1000 23944 
244423 1260.2 23274 
147265 1654.9 23944 
249843 1360 23944 
246776 1370 26508 







DILUTIBN FLBW MEASUREMENTS 
PLfiTIRBN P . P .  -- PENSTBCK #2 

DATE FL 0lrl TOTAL STfiTISTICAL 
CP/S  C WNTING ERROR 

08/33/69 395.03 0.39 PCT 
08/13/69 264.28 0.31 PCT 
08/13/69 279.96 0.34 PCT 
08/13/69 274.24 0.3 PCT 
08/13/59 305.65 0.31 PCT 
08/13/69 296.31 0.32 PCT 

08/13/69 396.85 0-38 PCT 
08/13/69 253.23 0.31 PCT 
08/13/69 274.88 0.33 PCT 
08/33/69 272.03 0.29 PCT 
08/13/69 305.3 0-31 PCT 
08/13/69 294.77 0.35 PCT 

08/14/69 295.77 0.29 PCT 
08/14/69 262.8 0.27 PCT 
66/14/69 312.82 0.3 PCT 
08/14/69 313.72 0.28 PCT 
08/14/69 290.89 0.24 PCT 
08/14/69 295.5 0.27 PCT 

0811 4/69 304.06 0.31 PCT 
08/14/69 256.45 0.29 PCT 
08/14/69 318. I6 0.33 PCT 
08/14/69 321 -24 0.89 PCT 
08/14/69 296.17 0.27 PCT 
08/14/69 280.97 0.31 PCT 



Table 48 

DILIJTIBV F L a I  MEASUREMENTS 
FLATIRON P - P .  -- PENSTQCK #2 

BR-82  ACTIVITY RKFZRED T J :  0 8 1 1  1 / 6 9  1 0 : 0 0  

I N.JECTI0N DATA: 

R U N  DATE CONC. INJ .  RATE REMARKS 
UC /ML ML /S 

D 0-7 
D B-8 

R U N  

D- 1 3  
D - 1 3  
0 - 1 3  
D - 1 3  
D - 1 3  
D - 1 3  

D - 1 4  
D - 1 4  
D - 1 4  
0 - 1 4  
D - 1 4  
D - 1 4  

D - I S  
0 - 1 5  
0 - 1 5  
D - 1 5  
D-15  
D - 1 5  

S E N S I T I V I T Y  AND DEADTIME: 
F = 329.42 l /S/UC/CF +- 0 . 0 7 2  PCT T = 3-05 USEC 
F = 320.77 I/S/iJC/CF +- 0 . 1 6  PC'T T = 1 . 9 2  USEC 

COUNTING DATA: 

SAMPLE DATE START CDUNTZR GROSS TIME 8GND T I  ME 
T I  ME CSEC) ( S E C )  







Thc fallowin7 conversion faztors adopted 5y thc Burem 31 Reclamatioz Ire hose-poblished 3y tha American W i s t y  for 
Testin, and L.6ater.d- (ASTM Metric R x t i c e  Guidc, E 38U-58) except that addxt~csal f z t o r s  (*I csmmonly u;wl in 
thi. Bureau have been 333ed. W h e r  discussion I deiinitions 0rquan:ities and units i s  given in ?hs ASCM lrlelric 
Prazticc Guide. 

The metric technical unit of force i s  the kilo r m  i o r c e  this is the force which, when applied to a bdy havlng a 
-5s ~i 1 kg, it an acceleration of 9.&%65 k / s e c i s P c ,  the standard acce!eration of free fall to-ward the a r t h ' s  
cmler for sCa?% at 45 deg latitude. The metric unit of iorce in SI units is the newton (N), which i s  deiind as 
that force whkh, when applied to a hxly h v k g  a mass of 1 kg gives i t  an acceleration of 1 m/sez/se=. These 'units 
must be distinguished fmm the (inzonstant) lmal  weight of s ddy having s mass of 1 k that is, the wei ht oi a 
b d y  i s  that iorce with zhich o b3dy is attracted to the earth and i s  eqlul to the m a s  a?a bdy multiplie! by the 
acceleration due !o ravity. Houeuer, because it is general practice to use "pound" rather than the technically 
Correct term "pounj-force, " the term "kiiogam" (or derived mass unit) ha; been used in thls @6s bsread of "kilogram- 
force" in expressing the conversion iactars for Zcrces. The newton unit of force will find Rsreasing use, an3 is 
essential in SI units. 

Where aopr~ximate o r  nominal Fnglish units ?re csed to express a value o r  range af values, the c o w e r t d  metric units 
In paredtheses are  also a p ~ r ~ x i m a t e  or nminal. Where pre:isc English units ire zsed, the conve?td metric units 
are 2nreJse3 as eqlully s ipi f icmt  values. 

Table l 

QUANnTIES AND UNITS OF SPACE 

Multiply BY TO obtain 

MU. . . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Micron 
Inches . . . . . . . . . . .  25.4 (exactly). . . . . . . .  W m e t e r s  . . . . . . . . . . .  2.54 (exactly)*. . . . . . .  Centimeters 
Feet . . . . . . . . . . . .  30.48 (exactly) . . . . . . .  Centimeters . . . . . . . . . . . .  0.3048 (exactly)*. . . . . .  Meters . . . . . . . . . . . .  0.0003048 (exactly)* . . . .  Kilometers 
Yards . . . . . . . . . . .  0.9144 (exactl ) . Meters 
m e s  (statute). . . . . . . .  1,609.344 (exactly& : : . : : : ~ e t e r s  . . . . . . . . . . . .  1.692344 (exactly) . . . . .  Kilometers 

Square Inches. . . . . . . .  6.4516 (exactly) . 
Square feet . . . . . . . . . . !  929.03'. . . . . .  . . . . . . . . .  ',..C.092903 . . . .  
Squveyards  . . . . . . . . .  0:1136127 . . . .  
Acres . . . . . . . . . . .  0.40469' . . . .  . . . . . . . . . . .  4,046.9* . . . . . .  . . . . . . . . . . .  0.0040469* . . .  
Scluare d e s  . . . . . . . .  2.58999. . . . .  

. . . . .  Sqvare cenumeters . . . . .  Square centtmeters . . . . .  Square meters 
Square meters . . . . .  . . . . .  Hectares . . . .  Square meters 
Square Idlometers . . . . .  
Smare kilometers . . . . .  

VOLUME 

. . . . . . . . . .  Cubic inches . . . . . . . .  16.3871 Cubic centimeters 
Cubic f e e t  . . . . . . . . .  0.0223188. . . . . . . . .  Cubic meters '1. 
Cubic yards. . . . . . . . .  0.764555 . . . . . . . . .  Cubic meters '.C-L., 

. . . , 
CAPACITY 

Fluid cunces (U.S. . . . .  29.5737'. . . . . . . . . .  Cubic centimeters . . . .  29.5729 . . . . . . . . . .  Mlllllfters 
L?quld plnts (U.S. I . . . .  0.473178 . . . . . . . . .  Cubic decimeters . . . .  0.473166 . . . . . . . . . .  Uters  
Quarts (U.S.I. . . . . . .  946.358*. . :-:. . . . . . . .  Cubic cenrimeters . . . . . . .  C.946331*. . . . . . . . . .  Llterr 
GaUons (U.S.). ......-..... 3,786.43* . . . . . . . . . .  Cubtc centimeters . . . . . . .  3.78543. . . . . . . . . .  Cubtc decimeters : . . . . . . .  3.78533. . . . . . . . . .  Llters . . . . .  O.W378543*. . . . . . . .  Cubic meters 
mu~n~tu .x . i  : . . . . .  4.54609 . . . . . . . . . .  cubic decimeters . . . . . .  4.54596 . . . . . . . . .  LIters 
Ccbic feet. . . . . . . . . .  28.3160 . . . . . . . . . .  LIters 

704.55* . . . . . . . . . .  Liters .%%=: : : : : : :, : 1,253.5' . . . . . . . . . . .  Cubic meters . . . . . . . .  .l, 233.500* . . . . . . . . . . .  Llters 

,,: 
'> , . 

-- . . ~. 




